I -Introduction
I n t h e past years, some properties o f anthracene, l i k e t h e very high quantum y i e l d o f fluorescence, t h e photoconductivity and t h e p o s s i b i l i t y o f obtaining molecular c r y s t a l s o f great p u r i t y , have a t t r a c t e d a number o f experimental and t h e o r e t i c a l studies i n t h e f i e l d o f sol id s t a t e physics /1/.0n t h e other hand some properties o f t h e isolated molecule, such as t h e exact ordering o f t h e low-lying excited stat e s and t h e i r nature are not completely clear, due t o t h e superposition o f t h e two lowest e l e c t r o n i c bands i n t h e ordinary one-photon absorption spectra. The two-phc t o n e x c i t a t i o n spectroscopy has proven very h e l p f u l t o individuate hidden t r a n s it i o n s , t a k i n g advantage o f t h e d i f f e r e n t selection r u l e s which allow f o r gcsg t r a n s i t ions instead o f t h e usual gt-w t r a n s i t ion r u l e s f o r one-photon processes 12,'.
I n t h i s note we present t h e r e s u l t s o f a two-photon study o f anthracene, w i t h spec t r a obtained both i n s o l u t i o n and i n a Shpolskii matrix a t d i f f e r e n t concentrations. I t i s we l l known t h a t a Shpo l sk i i matrix (frozen normal alkane solution) provides weakly i n t e r a c t i n g host c r y s t a l s f o r aromatic molecules, so t h a t t h e guest molecule can be thought as imbedded i n "cold d i l u t e d gases". Therefore these matrices allow f o r the study o f t h e molecular eigenstates as "isolated" and w i t h t h e advantage o f b e t t e r spectral r e s o l u t i o n than i n normal solutions. The spectra so obtained, are interpreted i n terms o f two important perturbative e f f e c t s , such as t h e inductive e f f e c t brought about by s u i t a b l e substituents and t h e electron-nuclei interactions, revealed by the vibronic a c t i v~t y o f several modes i n t h e two lowest bands. The f o r mer e f f e c t i s discussed i n terms o f pseudoparity selection rules, whereas t h e second e f f e c t i s discussed through t h e r e s u l t s of a c a l c u l a t i o n based on t h e o r b i t a l f o l l g w i ng method /3/. The ca l cu l a t ion of t h e v i bron i c a c t i v i t y i n t h e two l owest states o f anthracene i s p a r t i c u l a r l y relevant, as t h e f i n a l states detected by two-photon 
i duate both t h e o r ig i n o f t h e second s i n g l e t s t a t e (1B2 ) o f anthracene and t h e source o f v i bron i c act i v i t y o f t h e various v i b r a t i o n a l moles. I I -Experimental
The two-photon exper i menta l apparatus has been described i n deta i I e l sewhere /4/.
Solutions a t 10-3 and 10-5 o f anthracene i n n-heptane were quickly frozen i n a c r y 2 s t a t a t 10 K. Solutions o f anthracene and 9-methy I-anthracene 10-I M i n CHCl were examined a t room temperature.
I I I -Results
I n f i g . 1 t h e two-photon e x c i t a t i o n spectrum o f anthracene and 9-methyl-anthracene i s reported whereas i n f i g . 2 t h e spectra o f anthracene dissolved i n a n-heptane m a -t r i x a t 10 K are reported f o r two d i f f e r e n t concentrations i n t h e second spectral region. As expected, t h e s o l u t i o n spectrum appears unresolved while t h e spectra i n matrix are more d e t a i l e d and a1 low f o r a q u a l i t a t i v e analysis o f t h e v i b r o n i c con^ ponents. I n p a r t i c u l a r , t h e s o l u t i o n spectrum a t 10-3 M c l e a r l y shows t h e presence o f a v i bronic t r a n s i t ion i n t h e region 26221-28000 cm-1; t h e matr i x spectrum a t 10-5 M shows severa l v i bron i c I i nes above 28000 cm-1, a l low i ng f o r a more deta i led v i b r a t i o n a l analysis. The main features o f these spectra suggest t h e possible d i v i s i o n i n two regions, i .e. a weakly intense region below 28000 cm-l t h a t we tend t o a t t r i b u t e t o t h e A v i bronic t r a n s i t ion B xb and a mors intense region above 28000 cnl-1, a t t r ibus l u l u ' two-photon wanenurn bar ~cm-') 21000 30000 dye wavelength ( A ) F i g . 1-Norma I i zed two-photon fluorescence exc i t a t ion spectra o f anthracene ( f u l l l i ne) and 9-methy I-anthracene (dashed I i ne) i n CHC l 10-I M sol u t ion a t room tempera- 
IV -Discussion
In this section we discuss the results of-two-photon spectra in terms of basic concepts, such as the inductive effects and the vi bronic perturbat ions on the el ectronic states.
a) I nduct i ve effects
As pointed out by several authors / 7 , 5 / , the one-and mu It i-photon spectra of alternant aromatic molecules can be rationalized taking into account the pseudosymnetry of the lowest molecular eigenstates, jointed to the usual point group selection rules for dipole transitions. In particular, the pseudoparity selection rules for the two-photon absorption are +cr + or ---. w i se, enhancement of forb i dden transyt ions can be produced by 1 ntroduc i ng su i tab l e substituents in the molecular sites which carry the largest electron transition den sity between the initial and the final states. By inspection of the transition density map, reported in fig. 3 , we observe that for states of opposite pseudoparity the on I y non-van i sh i ng ei ements are the one-center di agona l e l ements, whereas for states of the same pseudoparity the one-electron perturbation will be most effective for variations of the nearest neighbour resonance integrals. For anthracene, therefore, we expect, that+the introduction of substituent will enhance the pseudo parity forbidden 1A---+ 18 transition and that v i bron i c perturbations w i l l be mc 1 u re effective for ths 1A---+ 18-transit ion. Moreover we expect that the inductive effect w i l l be the larysst whe? i nduced by substitution on atom 9. These consider?
tions are confirmed by a qualitative analysis of the spectra of fig. 1 , which show i ntens i ty enhancement for 9-methy l -anthracene i n the region below 28000 cm-1 w i th respect to anthracene. Thyefore we tend to attribute the lower portion of the spectrum to the 1~---+ 16 transition. This ass ignement is also supported by the 1 u two photon spectru8 of acr I d i ne in Shpo l sk i i matr i x, wh i ch shows a weak enhancement of the spectral region around 26.500 cm-1 with respect to anthracene /5/. . To test these ideas we performed &ta i led MO calculations of the v?~ron i ca l l y i n&ced two-photon cross sect i ons, by us i ng a method already successful l y emploied to elucidate the two-photon vi bron ic spectrum of naphtalene /3/ and pyre ne /9/. In this scheme the two-photon intensity is calculated by:
where So( p is the two-photon scattering tensor component a long the a, directions, defined as:
By expanding the components 4(Q) and p(0) around the equ i I i br i um geometry, one obta ins a sum of three terms : the first (A term) couples the final state with the i " The r e s u l t s o f t h i s calculations are reported i n tab. 1 and show t h a t t h e t o t a l int e n s i t y calculated f o r the b modes i s larger than t h a t o f b modes, as expected from the pseudosymmetry sele?? ion rules. A further analysis o p t h e resu I t s shows t h a t the C term, which includes perturbation o f the ground state, i s p a r t i c u l a r l y important as a source o f intensity f o r t h e b modes, whereas t h e B term plays an 2u important r o l e f o r the bl modes. In conclus~on we feel t h a t the approach here p r e sented, including a qua l I f a t ive analysis o f the symmetry select ion rules f o r t h e two-photon spectra, and detailed vibronic coupling calculations is able t o give a comprehensive p i c t u r e o f the nature o f t h e low-lying states o f anthracene, as revealed by the two-photon excitation spectroscopy.
